Evidence from many laboratories has led to the recognition that 2 or perhaps 3 fructose 1,6-diP aldolase types may be identified in crude extracts of animals and plants (11) . Aldolases which do not require a divalent metal such as Fe24 or Zn2+ for activity, are strongly inhibited by mercurials, and yet unaffected by chelating agent and high concentrations of K+, have been designated as Type I. In contrast, aldolases which use a divalent metal as cofactor, are slightly inhibited by mercurials but are inhibited by chelating agents and stimulated bv K+ have been categorized as Type II. The aldolase of pea seed as reported by Stumpf '(15) is not sensitive to mercurials and chelating agents and may be thought of as a third type or as a variant to Type I.
In the previous communication of this series (2) , aldolase among other enzymes involved in carbohydrate metabolism was demonstrated in extracts of green, red, and golden-brown algae, a photosynthetic bacterium and spinach leaves. In that report (2) , aldolase was not characterized with respect to Type. Three groups have demonstrated an apparent Type II enzyme in crude extracts of the blue-green alga, Anacystis nidulans (12, 17, 19) . The aldolase from A. nidulans has now been purified and characterized (20) . Included in this report is the detection of this enzyme in 4 additional bluegreen organisms.
While our investigation was in progress, Rutter and coworkers (12) 
Materials and Methods
Organisms. The blue-green algae, Anabaena variabilis (Kutz.) Nostoc muscorutm G (Kutz.), and Anabaenopsis sp., were cultured photoautotrophically in nmedium C of Kratz and Myers (6) . Plectonerma sp., was grown photoautotrophically on 1 % CO2 or photoheterotrophically on 1 % 002 and 1 % glucose in the same medium C. Cells were harvested after 5 days of growth.
Gram quantities of the red alga, Chondrus crispus, and the brown alga, Fucus vesiculosus, were rou-tinely obtained from the Marine Biological Laboratory, Woods Hole, Massachusetts. Ochromonas danica, was grown photoheterotrophically with glucose as a carbon source. One liter cultures were aerated with a mixture of 5 % CO2 and 95 % air and harvested after 7 days of growth.
Chlorella pyrenoidosa (Emerson Strain) was grown photoautotrophically on a mixture of 5 % CO, and 95 % air (2) . Cells were grown heterotrophically in the dark on the same mineral media with the inclusion of either 1 % glucose or 0.2 % sodium acetate. Autotrophic cultures were harvested after 4 days of growth; glucose-cells, after 7 days, and acetate-cells, after 2 weeks.
Dark-grown, streptomycin and UV-bleached cells of Euglena gracilis var. bacillaris, strains Z and B, were cultured witll L-glutamate and DL-malate as carbon sources (8 (9) . For development in light, the 6 day etiolated seedlings were exposed to a mixture of white and red fluorescent lamps. This corresponded to an intensity of illumination of about 500 ft-c. According to Margulies (9) , leaves irradiated in this manner for 24 hours assimilated 100 to 150 ,umoles CO, per mg chlorophyll per hour.
In contrast to the leaves, the cotyledons had little photosynthetic ability.
Preparation of Cell-free Extracts. Cells of the blue-green, golden-brown, and green algae were harvested by centrifugation for 10 minutes at room temperature and were washed once with distilled water. One to 2 grams (wet wt) of cells were suspended in 50 mm tris-HCl (pH 7.6) at 40 to yield a final volume of 15 ml, then sonicated in a 25-ml Rosette cell with the 1.25 cm probe of a Branson Model S-75 Sonifier at full power for about 1 minute. By immersing the Rosette cell in an ice bath, temperatures were maintained below 80. Sonicates were centrifuged 10 minutes at 10,000 X g at 00 and the resultant pellets discarded.
To prepare extracts of Chondrus and Fucus 10 grams of fresh material were soaked 5 minutes in 50 mM tris-HUCl (pH 7.6) at 40. The washed samples were chopped into small pieces and ground in a chilled mortar with 25 ml 50 mm tris-HCl (pH 7.6) and a small amount of sand until an homogenate of relatively smooth consistency was obtained. The homogenate was filtered through 4 lavers of cheesecloth, and the filtrate was centrifuged.
Cell-free extracts of the following organisms in the indicated concentrations of grams wet weight per ml of 50 mm tris-HCl (pH 7.6) were prepared in the same manner: Ten g each of ungerminated bean and pea seeds per 30 ml; 6 g spinach seed per 20 ml; 0.3 g of embryo per 8 ml and 6 g of cotyledons per 15 ml from 36-hour germinated bean seeds: greened and etiolated leaves, 2 g per 10 ml, and cotyledons, 6 g per 10 ml, from bean seedlings of various ages; and 10 g per 30 ml of fresh spinach leaves.
Washed spinach chloroplasts were prepared as previously described (16) . Cell-free extracts were obtained by suspending the intact chloroplasts 5 minutes in 50 mM tris-HC1 (pH 7.6) and centrifuging the mixture for 10 minutes at 10,000 X g. The supernatant solution constituted the chloroplast cell-free extract.
Soluble protein was determined both by the phenol method (7) and spectrophotometrically (18) .
Aldolase Assay. The colorimetric assay method of Sibley and Lehninger (13) was routinely employed for the inhibition studies, while the spectrophotometric assay method of Wu and Racker (21) was used for detection of Type II aldolase in the blue-green algae.
Colorimetric assays were conducted at 370 in 2.5 ml reaction mixtures consisting of 40 mM trisHCl (pH 7.6), 56 mm hydrazine-S04, (pH 7.5), 4 mm fructose 1,6-diP, aldolase and other additions as described. In all cases fructose 1,6-diP was added last after a 10 minute preincubation of the aldolase. Reactions were terminated after 20 minutes by the addition of 2.0 ml cold 10 % (w/v) trichloroacetic acid. Blanks consisted of adding fructose 1,6-diP after trichloroacetic acid. Controls without aldolase were run when cofactors or inhibitors were employed. After development of the triose chromagens (13) , the resultant absorption at 560 mn, was determined in 1-cm cuvettes.
Spectrophotometric assays of blue-green aldolases were performed at 370 by employing the coupling system of triose-P isomerase and a-glycerol-P dehydrogenase. These enzymes were free of aldolase. In a final volume of 1.0 ml the reaction mixture consisted of 40 mM tris-HiCl (pH 7.6), 6 
Results
The aldolase activity of a freshly prepared spinach homogenate was unaffected by cysteine, EDTA, and K+, but was almost completely inhibited by 0.1 mm p-CMB (table I) . Similar data were obtained with chloroplast preparations (data not presented). When the extracts were frozen 7 days and then examined, the behavior of the aldolases renained unchanged. The aldolase content of the frozen homogenates appeared greater than that initially present, suggesting that freezing may effect a further solubilization of aldolase.
Aldolase activity in freshly prepared extracts of Chondrus was activated by cysteine and EDTA, inhibited by p-CMB and stimulated 2-fold by K+. When the extract was examined after being frozen 24 hours, the activity was now inhibited by cysteine, EDTA and p-CMB but stimulated by K+. In contrast to spinach and Chondrus the activity of the (4) , mutants of Euglena (1, 3) or where the cultuiring conditions were of such a nature that respiration either wholly or partially supplants energy derived from photosynthesis for growth including dark grown Euglena and Chlorella (3), the DPN-linked dehydrogenase occurs solely or has a higher specific activity with respect to protein or chlorophyll over the TPN-enzyme. In general, these materials possess Type I and Type II aldolases but the latter appear to be prevalent. In those organism of this group like dark grown Chlorella or Ochromonas which contain a functional chloroplast, separation of the organelles is needed to determine whether the aldolases are localized.
Two plant materials which are exceptions to these generalizations are seeds and blue-green algae. Seeds contain only the DPN-linked glyceraldehyde 3-P dehydrogenase (4) and an undetermined aldolase type. Blue-green algae including Anacystis nidulans, Anabaena variabilis, Plectonema sp., Anabaenopsis sp., and Nostoc inuscorurn, which grow solely by means of photosynthesis contain both glyceraldehyde 3-P dehydrogenases (2) and a Type II aldolase. Perhaps this exception may be related to the suggestion that the blue-green algae represent a common link between the higher plants and the bacteria; the latter possessing only Type II aldolases (20) . The function of the Type II enzyme in the blue-green cell must await an elucidation of their carbohydrate metabolism.
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